Shape of plant and agricultural products is one of the most important factors for classification and grading. Shape is crucial to species, cultivar and variety identification and authenticity, commercial quality and organoleptic properties assessment. The need to quantitatively assess shape has always been thwarted with the multivariate and multidimensional complexity of shape itself. For this reason, only agricultural product size parameters (e.g. length, width, volume or ratios) are widely measured as criteria for quality grading in the industry. However, the subjective appearance of such products is a primary criterion in making purchasing decisions at retail outlets (Kays 1991) . Typically, the appearance of products is visually evaluated by consumers based on size, shape, form, colour, freshness and the absence of visual defects. All these characteristics contribute to the overall appearance and are used as an important quality indicator throughout the value chain, from production and processing to storage, marketing and purchase by the end user. Among appearance features of agricultural products, shape plays a central role . Shape is an important factor in distinguishing among different phenotypes (Xiao et al. 2008) or among the same cultivar depending on farming conditions (McKenzie 1971) . For example, gross irregularities in the shape of fruit and vegetables are a critical rejection factor in consumer decision making (Cubero et al. 2011) . While shape is an essential parameter, little attempts have been made to quantify it until recently. Recent research advances that combine imaging, morphometrics and multivariate analyses allow the development of quantitative shape measurement protocols such as automated shape processing system .
While the use of shape in an automated sorting system has many potential applications, it is suggested to focus on its use in the context of the certification systems based on the technical protocols of the International Union for the Protection of New Varieties of Plants, Community Plant Variety Office or those for the three EU schemes known as protected designation of origin (PDO), protected geographical indication (PGI) and traditional speciality guaranteed (TSG). These protocols do not consider shape as a quantitative variable, and phenotype and variety assessment and/or certification is mainly based on general semantic and qualitative shape descriptors set out in visual charts. Some recent studies have showed inconsistencies of shape descriptions among different semantic or visual charts that are currently in use, such as the International Plant Genetic Resources Institute (IPGRI 1999), citrus industry (Hodgson 1967 ) and instrumental measurements (Costa et al. 2009; Antonucci et al. 2011) .
In the last few years, advances in food optoelectronic detection, computational hardware and imaging algorithm developments coupled with the second generation multivariate modelling approaches has led to the technical feasibility to measure different shape features and variation in a quantitative fashion. To date, different methods for quantitative shape evaluation have been suggested to distinguish phenotypes or varieties of agricultural products . Basic shape descriptors, such as perimeter, circularity, roundness, symmetry and ratios between descriptors are some of the most common features extracted to classify or identify products (Blasco et al. 2009 ). Complex outline-based shape descriptors, such as those based on Fourier analysis (Kuhl and Giardina 1982) , have the key advantage of being scale and rotation invariant, and therefore have also been successfully used to assess the differences among leaves, fruits, vegetables, kernels, roots and flowers.
In relation to this, the advanced quantitative shape description method possesses the following advantages: (1) it allows classifying the shape of each single object (i.e. fruit or vegetables for example) within established groups, (2) it can describe the general object shape as well as the shape of particular regions such as the apex and the base, (3) it can quantitatively measure the shape variability among different varieties, (4) it can graphically report the cultivar mean shape and its variability, (5) it is faster than subjective attribution based on semantic or visual charts and (6) it allows the development of automatic and objective systems based on computer vision to grade and sort products by shape. All these advantages could lead to the creation of an open access databases for different types of shapes. Due to the above advantages in using quantitative shape descriptors in quality assessment for plant variety and postharvest product, the above-mentioned institutions may include quantitative shape descriptors in their protocols for automatic plant phenotyping.
In addition, further research on the topic could provide innovative technical supports to national and international production and trade of plants and agricultural products. Such research could benefit breeders and horticulturists in defending the cultivar rights, addressing varietal selection to the consumer preferences and more generally enhancing competitiveness. Such research could also benefit legislators and control bodies along the supply chain in making the protocols for monitoring and certification more effective, providing a greater transparency and competition, granting the traceability with positive spillover effects in food security and identifying fraudulent products. Furthermore, such research could benefit consumers with greater quality assurance in terms of genetic origin and organoleptic characteristics.
